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ABSTRACT 
 
The main aim of this work is to develop a methodology to evaluate the characteristics of porous media in filter 
using the radio-tracing technique. To do this, an experimental prototype filter made up of an acrylic cylinder, 
vertically mounted and supported on the lower side by a controlled leaking valve was developed. Two filters 
(spheres of acrylic and silica crystals) were used to check the movement of the water through the porous media 
using 123I in its MIBG (iodine-123-meta-iodo benzyl-guanidine) form. Further up the filter an instantaneous 
injection of the substance makes it possible to see the passage of radioactive clouds through the two scintillatory 
detectors NaI (2x2)” positioned before and immediately after the cylinder with the filtering element (porous 
media). The are caused by the detectors on the passage of the radioactive cloud are analyzed through statistical 
functions using the weighted moment method which makes it possible to calculate the Residence-Time (the 
amount of time the tracer takes to thoroughly pass through the filter) per the equation of dispersion in tubular 
flow and the one-directional flow of the radiotracer in the porous media.  
 
 
 
1. INTRODUCTION 
 
The continuing aggravation of the loss of water bodies which has made the scarcity of     
pipe-borne water a heady issue in large cities has prompted public administrators to seek  
state-of-the-art techniques in filtering water with a view to upping its efficiency or finding   
cost-effective means. This has, to a large extent brought to the fore factors that hold sway in 
the filtering process where the choice of a filter is of utmost importance. This can be 
determined through observations, which can lead to drawing conclusions in respect of the 
behavior of the filter during the process of the filtration (Here, a filter was used as porous 
media). Many researchers have studied porous media as filtering agents and among these we 
may cite the premier works of: IWASAKI [1], STEIN [2], SHEKHTMAN [3]. 
 
To evaluate the behavior of porous media we used a technique with radioactive tracers which 
has the following advantages: 
 
- High penetration of gamma rays (permitting non-destructive methods); 
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- High quantity of isotopes (permitting the choice of a tracer with the same physical 
or chemical characteristics as the system); 
- High sensibility of the detectors (making it possible to use low activity as in       
37 MBq or 1mCi); 
- Low memory effect (through the use of radiotracers with a short half- life and thus 
allowing for the use of consecutive means). 
 
The object of this work is to develop a methodology for characterizing porous media with 
regard to its Residence-Time (RT or t) through the general equation of dispersion of the 
radiotracer in the tubular flow with the filter. To do this a filter made of an acrylic cylinder 
was mounted exactly at the point where the water passes with a porous material as a filtering 
agent. 
 
 
3. BASIC THEORIES 
 
To obtain the RT an axial, one-dimensional flow model was used with radial dispersion. 
Suppose the uniform tubular flow at direction, X, with fluid velocity, U, length of duct 
between the measured points, L, and radial dispersion, D, the mass balance can be 
represented by equation 1 as follows (general equation of dispersion, system conservative) 
[4]: 
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To solve equation 1 by using the transformed Laplace properties, equation 2 follows thus: 
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Thereby obtaining equation 3 as: 
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where: 
 t is the residence-time                       à    t = L / U                                                  (3a) 
 
and Dax the coefficient of dispersion  à    D = Dax / L.U                                          (3b) 
 
Through the stimuli-response technique [5] we may represent a function of the system (filter), 
F(t), with the entry pulse, CI(t), and the exit pulse, CII(t), measured at the entrance and exit 
points of the system, respectively, by the analytical solution shown in equation 4. 
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To solve equation 4 per the transformed Laplace properties, the transference function may be 
represented by the statistic moments at both the entrance and exit points, where a solution is 
reached in equation 5 [6]. 
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When evaluating the porous media there is a considerate, yet effective elongation of the 
curves which is applied at a particular point in time to minimize the relative error of the RT, 
by applying the weighted moment method in, tk. tSe .- , (where, k, is the order of magnitude) 
[7]. 
 
Regarding the theory of moment, where CII, represents the exit and CI, the entrance points, 
respectively, we may represent order of moment, k, by equation 6 [6]. 
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In applying the transformed Laplace theory we may reach equation 7, just as we have around 
the average. 
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To identify the function response F(S) of a unit the method of moment allows a junction 
between the moments of entrance and exit of the unit with the moments of function response 
to identify some characteristic parameters of this unit. In this regard we have equation 8. 
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In adjusting the parameters of a unit where the expression of a function F(S) is known, we 
calculate the associated moments of the experimental data and adjust the methods to the 
minimum square parameters of F(S). For this reason we may correlate equations 3 and 8 to 
arrive at equation 9. 
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2. EQUIPMENT AND METHODOLOGY 
 
The measurements were simulated in a prototype experiment with ducts mounted in a 
laboratory where the leaking at the entrance was controlled by a meter manufactured by 
Dwyer, which permitted an adjustment on the constant leaking of (1.0 ± 0.1) liter/min. 
 
To evaluate the filter a prototype experiment with an acrylic cylinder (length 22 cm, internal 
diameter 3 cm), vertically-mounted and supported below by ducts with an internal diameter 
of 2 cm and a constant leakage of water was put in place. Two porous media were studied 
(acrylic spheres 10 mm in diameter and silica crystals with grains larger than 0.84 mm). The 
radiotracer used was 123I in its liquid MIBG (iodine-123-meta- iodo benzyl-guanidine) form 
with a half- life of 13.13 h and 159 keV as its main source of power, and presenting 37 MBq 
of activity in each experiment. 
 
To note the passage of the radioactive cloud two NaI (2x2)” scintillatory detectors, labeled 1 
(A) and 2 (B), shielded with lead and with collimators of 25 mm, were positioned before and 
after the cylinder containing the porous media. 
 
Through the stimuli-response technique the application of each instantaneous injection to the 
first detector generates a notable radioactive cloud that passes through the scintillatory 
detectors, and the curves generated and normalized are analyzed through the relation of the 
statistic moments where a function can be adjusted to various values of S (0 – 0.07), 
calculated per the minimal square method in equation 9, arriving at the dispersion of tubular 
flow and the RT of each experiment. 
 
 
3. RESULTS AND DISCUSSION 
 
Six experiments were carried out, three with silica crystals and the remaining three with 
acrylic spheres though the application of the injection to the radiotracer was done in both 
cases. It is of extreme importance that the amount of the radiotracer that enters either equal 
the one that leaves, as equation 1. However, in all the experiments carried out with acrylic 
spheres there was an unexpected phenomenon as shown in Figure 1. 
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Figure 1.  Curves relating to the use of the acrylic spheres 
Where: (a) entry  (b) exit 
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Note that the phenomenon shown at the exit point of the curve Figure 1.(b) occurred in all the 
three experiments indicating that a fraction of the material delayed in passing through the 
filter. This phenomenon invalidates the use of the stimuli and response technique per the 
weighted moment method, because the entry point of the curve has to correspond to the exit 
point without breaking the cloud caused by the injection of the radiotracer. For this reason we 
hold the view that the use of filters as porous media with such geometric characteristics is not 
appropriate. 
 
In Figure 2 one can find the curves adjusted to the various values of “S” in the three 
experiments using silica crystals as porous media. 
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Figure 2.  Adjusted curves for silica crystals 
 
It can be observed that in the results above the adjusted curves behave in the same manner 
indicating that they are repetitive. It can also be observed that for S values higher than 0.02, 
in this geometry the error increases in relation to the least value our calculations of the points 
for each moment, equation 6. 
 
In Table 1 below can be found the values of Residence-Time and dispersion, which have 
been adjusted by equation 9 to silica crystals, where the mean error is represented                 
as 2s (99%). 
 
 
Table 1.  Results of TR and the dispersion of silica crystals 
 
 t (s) Dispersion 
Experiment 1 28.233 0.116 
Experiment 2 26.583 0.115 
Experiment 3 24.977 0.086 
Mean 26.598  ±  3.255 0.106  ±  0.034 
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Experiments carried out to evaluate porous media present statistic evidence that due to the 
formation of small variable canals errors can be expected and thus arriving at the values of 
the Residence-Time which are nearer, but not exact. 
 
 
 
4. CONCLUSION 
 
In the experiments where acrylic spheres were used as porous media an unexpected 
phenomenon occurred. There was a breakage in the radiotracer cloud ensuring the passage of 
a delayed portion through the detector six minutes after that of the main cloud and thus 
invalidating the application of this method in a given porous media. With the elevation of the 
thickness of the porous media the quantity of the empty volumes also followed in tow 
producing a higher fluid motion, higher permeability and possibly the radiotracer was held 
somewhere in the filter and set free some minutes later.  
 
The results of the porous media with silica crystals have shown that the weighted moment 
method is indicated to evaluate the characteristics of filters obtaining repetitive results in the 
error, that is, through the general equation of dispersion and thus arriving at the      
Residence-Time and also the dispersion of this geometry. Where it took the water at least     
(26.6 ± 3.2) seconds to pass through the filter generating a mean dispersion rate of         
(0.106 ± 0.034) to reach the radiotracer used. 
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